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Quantum dynamics theory in complex systems is one of hot topics in theoretical chem-
istry because it meets a challenge in numerical performance. Meanwhile, such a kind of
theory is urgently needed in the explanation of mechanism for carrier transfer in organic
semiconductors. In these systems, the well-developed band-like theory and hopping-type
model cannot be straightforwardly applied to their carrier dynamics because of the strong
carrier-phonon couplings as well as a coherent property of carrier motions. Focusing on
this problem, this thesis aims to develop a new wavepacket diffusion approach, to unify the
carrier band-like and hopping-type models and clarify the mechanism of carrier motions.
Furthermore, the thesis tries to combine the developed model with electronic structure calcu-
lations to investigate the carrier dynamics in realistic organic semiconductors. The contents
of the thesis are as follows:
Taking the electron-phonon interactions in both site energies and electronic couplings
as the time-dependent real-valued fluctuations, we propose a time-dependent wavepacket
diffusion (TDWPD) method to deal with carrier dynamics in organic crystals. In numerical
demonstrations with model systems, it is found that the proposed method can predict the
consistent carrier dynamics with the rigorous quantum approaches for symmetric systems,
and it is also successful to describe the carrier mobility feature crossover from the band-like
to hopping-type motions. More importantly, the TDWPD can be easily applied to nano-scale
molecular systems with thousands of sites.
We then combine electron structure calculations with the TDWPD method to inves-
tigate the triplet-triplet energy transfer (TTET) in fluorene dimer and predict the charge
mobilities of two n-type pentacenequinone derivative organic semiconductors. In the exam-
ple of energy transfer, it is found that the fluctuations of site energies significantly enhance
the TTET rate, while the incorporation of electronic coupling fluctuation slows down the
TTET process in fluorene dimer. In the prediction of charge mobilities, we have proposed
the mechanism of carrier motion with band-like property which is caused by the nuclear















Similar to conventional mixed quantum-classical dynamics methods, the TDWPD does
not satisfy the detailed balance principle. To overcome this deficiency, we further consider
the nuclear motions as complex fluctuations. In this case, the carrier dynamics can be de-
scribed by non-Markovian stochastic Schrödinger equation (NMSSE) at finite temperatures.
The accuracy of this modified TDWPD has been further demonstrated by the numerical sim-
ulations of carrier dynamics in a spin-boson model and a realistic Fenna-Matthews-Olson
complex. The results reveal that both the time-dependent complex-valued random fluctua-
tions and non-Markovian effect are essential to guarantee the detailed balance and correctly
describe carrier dynamics. The modified approach would have broad applications to in-
vestigate charge transfer and separation in donor-acceptor organic photovoltaic molecular
devices.
Key Words: Carrier transfer; Time-dependent wavepacket diffusion method; Detailed bal-
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